ATTORNEY ' S ^ 
062891 . 0657 




KET 




'ENT APPLICATION 



SYSTEM AND METHOD FOR HANDOVER 



EXECUTION IN A WIRELESS ENVIRONMENT 



TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to the field of 
wireless communications, and more particularly to a 
system and method for handover execution in a wireless 
environment . 
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BACKGROUND OF THE INVENTION 

The field of wireless communications has become 
increasingly important in today's society. One area 
associated with wireless communications relates to a 
handoff or handover process. Generally a handover 

process refers to a scenario in which a mobile network 
passes a wireless communication from one cell to another 
cell. A handover is generally a response to geographic 
movement by a mobile station from one cell to another. 
Two elements are generally involved in a handover: (1) 
handover decision, and (2) handover execution. The 
handover execution transition should be relatively 
seamless, providing no disruption to a communication and 
maintaining a high standard of call quality. 
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SUMMARY OF THE INVENTION 

From the foregoing, it may be appreciated by those 
skilled in the art that a need has arisen for improved 
handover capabilities for a wireless communication. In 
accordance with one embodiment of the present invention, 
a system and method for handover execution in a wireless 
environment are provided, which substantially eliminates 
or reduces disadvantages , and problems of conventional 
handover techniques . 

According to one embodiment of the present 
invention, a method for handover execution in a wireless 
environment is provided that comprises communicating, by 
a mobile network, a handover command message to a 
physical layer of a mobile station to initiate a handover 
execution. The handover command message is received by 
the physical layer and the physical layer responds to the 
handover command message by tuning to a handed to 
frequency or channel and, where appropriate, by 
communicating physical layer bursts over the handed to 
frequency or channel to the mobile network such that 
initial timing advance and power control setting 
characteristics are determined by the mobile network. 

The method also includes communicating a cease 

signal, by the mobile network, to the mobile station to 
stop communicating the physical layer bursts. The mobile 
station responds to the cease signal by ending the 
transmission of the physical layer bursts and by 
establishing a new communications link over the handed to 
frequency or channel with the mobile network. Once the 
new communications link is established the mobile station 
and the mobile network couple to a voice or a data path 
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such that a wireless communication associated with the 
mobile station and the mobile network is facilitated. 

Certain embodiments of the present invention provide 
a number of technical advantages. For example, according 
to one embodiment of the present invention, a handover 
execution is provided that includes a significantly lower 
handover execution time. The handover execution approach 
disclosed operates to transpose handover signaling from a 
Layer- 3 radio resource management (RRM) level to a Layer- 
1 physical layer, allowing mobile stations to respond to 
handover commands more quickly. This in turn may result 
in increased handover quality, minimal call interruption 
time during a handover, reduced probability of dropping 
connections across handovers, and minimal handover 
latency. Additionally, by implementing a handover 

protocol that takes advantage of communications at a 
Layer- 1 physical layer level, other delays in making an 
effective handover are minimized or otherwise avoided, 
thereby increasing the overall quality of communications 
in a wireless environment. 

The embodiments, which follow, may enjoy some, all, 
or none of these advantages. Other technical advantages 
may be readily apparent to one skilled in the art from 
the following figures, the description, and the claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

To provide a more complete understanding of the 
present invention and features and advantages thereof, 
reference is made to the following description, taken in 
conjunction with the accompanying figures, wherein like 
reference numerals represent like parts in which: 

FIGURE 1 is a block diagram of a wireless 
communication system in accordance with one embodiment of 
the present invention; and 

FIGURE 2 is a block diagram of a wireless 
communication between a mobile station and a mobile 
network within the wireless communication system. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 is a block diagram of a wireless 
communication system 10 in accordance with one embodiment 
of the present invention. Wireless communication system 
10 comprises a public switched telephone network (PSTN) 
12, one or more mobile switching centers 14a and 14b, one 
or more base stations 16a, 16b, 16c, and 16d, and one or 
more mobile stations 18. Mobile switching centers 14a 
and 14b may operate in conjunction with base stations 
16a-d to form or otherwise to define a mobile network 30, 
providing appropriate interfaces for mobile station 18 
and PSTN 12 such that data may be exchanged in a wireless 
environment. 

According to the teachings of the present invention, 
a handover execution approach is provided within wireless 
communication system 10 that minimizes the time expended 
in the internal messaging of the handover process. 
Wireless communication system 10 comprises mobile station 
18 and mobile network 3 0 that are enhanced in order to 
effect a handover execution having increased speed and 
efficiency. This enhancement allows mobile station 18 to 
recognize a handover command from mobile network 30 at a 
Layer- 1 physical layer level, as discussed in greater 
detail below., This approach results in a reduction in 
handover execution time by facilitating direct 
communications at a physical layer between mobile network 
30 and mobile station 18. In order to provide a better 
understanding of the teachings of the present invention, 
a description of a general handover process is provided 
below. 

A wireless communication may be occurring between 
mobile station 18 and PSTN 12 with the wireless 
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communication being conducted or otherwise facilitated by- 
mobile network 30. Mobile station 18 operates to 
communicate with base stations 16a- 16d via an over-the- 
air radio interface. Mobile station 18 may be moving 
constantly through different cells, as an end-user or 
end-system moves about. Cells refer to the basic 
geographic unit of a wireless system. Generally, a city 
is divided into small cells, each of which are equipped 
with a low powered radio transmitter/receiver, i.e. base 
stations 16a-d. Cells can vary in size depending on 
terrain or capacity demands. The transition from one 
cell to the other is intended to be transparent to the 
end-user of mobile station 18. When mobile station 18 
ventures into a new geographical area, a procedure may be 
initiated in order to effect continuation of the 
communication, preferably in the absence of call dropping 
or a reduction in call quality. To accomplish these 
ends, mobile station 18 and base stations 16a-d execute a 
handover (also referred to as a handof f ) . This generally 
involves seamlessly handing over mobile station 18 from 
one base station 16a to another base station 16b for 
example, as a user crosses a cell boundary. The handover 
procedure generally involves internal messaging between 
elements within wireless communication system 10. 
Additionally, a handover may also occur when mobile 
station 18 is in overlapping cells and the call quality, 
for example, triggers a handof f or handover from the 
current cell handling the wireless communication to the 
overlapping cell. 

According to the teachings of the present invention, 
handover execution is enhanced by providing an increased 
capability or provision to mobile station 18 and any one 
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of a number of elements within mobile network 30. This 
allows much of the internal messaging, as described in 
greater detail below, to be addressed at a Layer- 1 
physical layer level. Mobile station 18 comprises an 
5 element at the Layer- 1 physical layer level that 
recognizes Layer- 3 radio resource management (RRM) level 
messages, particularly those messages relating to a 
handover command. Because this recognition is 

specifically targeted to handover commands, the present 
10 invention may operate to significantly reduce handover 
Q time by allowing direct communication between mobile 

network 30 and mobile station 18 at a physical layer, 
resulting in increased call quality associated with the 
related wireless communications. 
15 PSTN 12 represents a worldwide telephone system that 

is operable to conduct communications. PSTN 12 may be 
any land line telephone network operable to facilitate 
communications between two entities, such as two persons, 
a person and a computer, two computers, or in any other 
2 0 environment in which data is exchanged for purposes of 
communication. According to one embodiment of the 

present invention, PSTN 12 operates in a wireless domain, 
facilitating data exchange between mobile station 18 and 
some other entity. 
25 Mobile switching centers 14a and 14b operate as 

interfaces between PSTN 12 and base stations 16a-d. 
Mobile switching centers 14a and 14b are generally 
locations that house communication switches and computers 
to which cell sites, in a given geographical area, are 
30 connected. Cell sites refer generally to the 

transmission and reception equipment or components, 
potentially including base stations 16a-d, that connect 
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mobile station 18 to mobile network 30. In a given 
communications environment, there may be several mobile 
switching centers operable to facilitate communications 
between base stations 16a-d and PSTN 12. Mobile 
switching centers 14a and 14b also generally handle the 
connection, tracking, status, billing information, and 
other user information for wireless communications in a 
given area. This may include, for example, the fact that 
the user of mobile station 18 is assigned certain 
wireless capabilities or use time, most likely based on a 
given fee schedule associated with a cellular network. 

Mobile switching centers 14a and 14b may be coupled 
to, supported by, or otherwise comprise a home location 
register (HLR) according to one embodiment of the present 
invention. The HLR represents a database of subscriber 
information relevant to telecommunication services, 
potentially independent of the actual location of the 
subscriber or end user. The HLR may also include 
information related to the current location of the 
subscriber for incoming call-routing purposes. A 
functional sub-division of the HLR may include an 
authentication center (AuC) , the role of which may be the 
management of security data for the authentication of 
subscribers, for example. 

Base stations 16a-d represent radio transmission and 
reception stations for handling communications traffic. 
Base stations 16a-d may also be identified as a cell 
site, primarily so because they may hold one or more 
transmit/receive cells. By controlling transmission 

power and radio frequencies, mobile switching centers 14a 
and 14b may monitor the movement and the transfers of a 
wireless communication from one cell to another cell and 
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from one frequency or channel to another frequency or 
channel, where appropriate. Base stations 16a-d may 
comprise one or more receive/transmit antennas, generally 
referred to as base transceiver stations, a base station 
5 controller, a microwave dish, and associated electronic 
circuitry . 

A base transceiver station is generally coupled to 
mobile station 18, via a radio interface, with a base 
station controller that uses a land line (usually a high 
10 speed Tl/El, for example) interface. A base transceiver 
Q station may comprise radio transmission/reception 

^ devices, components or objects, and antennas. A base 

M transceiver station may operate as a series of complex 

j~ radio modems and may assist in performing a handover 

15 execution process. The base transceiver station may also 
? perform transcoding and rate adaptation functions, where 

f«l appropriate, according to particular needs. 

Q A base station controller generally operates as a 

^ management component for a radio interface. This may be 

r * 2 0 done through remote commands to the base transceiver 
station within mobile network 30. One base station 
controller may manage more than one base transceiver 
station. Some of the responsibilities of the base 
station controller include management of radio channels 
25 and assisting in handover scenarios. Other 
communications objects or elements may be included 
within, external to, or coupled to base stations 16a-d or 
mobile network 30 including a visitor location register 
(VLR) , for example, which contains dynamic information as 
30 well as copies of the HLR for mobile stations 18. 

Mobile station 18 is a communications interface for 
an end user of wireless communication system 10 . Mobile 
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station 18 may be a cellular or other wireless telephone, 
a computer, a personal digital assistant (PDA) , or any 
other device, component, or object capable of initiating 
a data exchange facilitated by wireless communication 
system 10 . 

Apart from executing radio and processing functions 
to access mobile network 3 0 through a radio interface, 
mobile station 18 additionally offers an interface to the 
human user, such as via microphone, display, or keyboard 
or other terminal equipment (such as an interface to a 
personal computer, or a facsimile machine in cases where 
mobile station 18 is used as a modem, etc.) where 
appropriate. Mobile station 18 is generally a wireless 
communication station intended to be used when mobile 
station 18 is in motion from one geographical location to 
another. According to the teachings of the present 
invention, mobile station 18 comprises an element 
operable to recognize Layer- 3 RRM messages, particularly 
recognizing handover commands from any one of a number of 
networking components within mobile network 30. 

Mobile station 18 may achieve connectivity with 
another entity, regardless of where a user of mobile 
station 18 travels, via wireless communication system 10. 
At any given moment, mobile station 18 may be served by 
one of the cells, generally referred to as a serving cell 
of mobile station 18, which is dependent on where mobile 
station 18 is positioned at that time. As mobile station 
18 moves away from its serving cell and into another 
cell, another cell takes over the responsibility of 
serving mobile station 18 and thus becomes the serving 
cell for mobile station 18. Such a service relay, needed 
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for effective wireless communication, is achieved via 
mobile network 30 and one or more mobile stations 18. 

Mobile station 18 comprises an element operable to 
identify Layer- 3 RRM messages, recognizing handover 
commands from any one of a number of networking 
components within mobile network 30, such as a selected 
one of mobile switching centers 14a and 14b. During a 
handover process, the Layer- 1 physical layer of mobile 
station 18 operates in parallel by communicating with 
both its own upper layers and with mobile network 30. 
According to the teachings of the present invention, this 
approach operates to shorten the response time to an 
initiated handover command. This process is explained in 
greater detail below with reference to FIGURE 2 . 

Turning to FIGURE 2, FIGURE 2 is a block diagram of 
a wireless communication between mobile station 18 and 
mobile network 30 that are included within wireless 
communication system 10, in accordance with one 
embodiment of the present invention. Mobile station 18 
and mobile network 3 0 each comprise elements operable to 
facilitate handover execution in such a wireless 
communication. Mobile station 18 and mobile network 30 
each include software that provides a protocol that 
addresses effective handover execution. Such software 
may alternatively be hardware or any other object, 
component, or element operable to facilitate handover 
execution in wireless communications system 10. 

FIGURE 2 also discloses a series of layers 
respectively contained within mobile station 18 and 
mobile network 30. Mobile station 18 and mobile network 
30 each contain a Layer-3 RRM layer 40 and 42, a Layer-2 
data link layer 44 and 46, and a Layer- 1 physical layer 
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48 and 50. Each layer operates to handle part of the 
signaling tasks involved in a communication involving 
wireless communication system 10. In particular, Layer-1 
physical layers 48 and 50 operate to transmit or receive 
bit streams to or from its peer physical layer and 
additionally operate to interface with their own internal 
Layer-2 data link layer and Layer-3 RRM layer. 

Layer- 2 data link layers 44 and 4 6 operate to move 
data across the physical links in communications between 
mobile station 18 and mobile network 30. Data messages 
are generally redirected at the Layer-2 level, using an 
address to determine where to direct the message. Layer- 
2 data link layers 44 and 46 may additionally operate to 
ensure that an initial connection has been set up, divide 
output data into data frames, and handle the 
acknowledgements from a receiver that the data arrived 
successfully. They may additionally ensure that incoming 
data has been received successfully by analyzing bit 
patterns in the frames. Layer-3 RRM layers 48 and 50 
operate to initiate commands to be channeled through its 
associated Layer-2 data link layers and Layer-1 physical 
layers. Layer-3 RRM layers 48 and 50 may also operate as 
interfaces between mobile network 30 and mobile station 
18 and other networking components. 

FIGURE 2 illustrates a series of numbers 1 through 7 
that designate steps associated with the protocol that 
addresses handover execution. In general, a handover 
execution process at a side of mobile station 18 includes 
two stages: (1) suspension of signaling of a non-handover 
status, followed by tuning to a handed to frequency or 
channel; and (2) provided, there is successful completion 
of element (1) , establishing a new Layer-2 data link 
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layer over the handed to frequency or channel and then 
resuming the suspended signaling. In the situation where 
element (1) fails, the original frequency or channel is 
reverted to and the suspended signaling on the original 



teachings of the present invention, a handover approach 
is disclosed that transposes element (1) processing from 
a Layer- 3 RRM layer to a Layer- 1 physical layer, which 
may allow mobile station 18 to respond to a handover 
command message more quickly. 

During steps 1 through 7, a communication, for 
example a phone call involving a cellular or wireless 
telephone at one end, continues such that an end user is 
unaware of the handover execution process that is being 
performed. This seamless characteristic is generally 
preferred, as suitable handovers may occur repeatedly 
without an end user's knowledge and moreover without 
causing a suspension in communications or without 
requiring an end user to participate in an initiated 
handover process. 

At a first step (1) mobile network 30 initiates a 
handover execution process after a handover decision is 
made. This involves mobile network 30 passing a handover 
command message down through various layers associated 
with the internal structure of mobile network 30. The 
handover command message includes a handed to frequency 
or channel with which mobile station 18 tunes to continue 
communication in the new cell of mobile network 30. The 
message may also contain additional information relating 
to communications in the wireless domain, where 
appropriate. The message passes from Layer-3 RRM 42 to 
Layer-2 data link layer 46, and on to Layer- 1 physical 

DAL01:63 1364.2 
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layer 50 of mobile network 30, which transmits the 
message to mobile station 18 . 

In response to the handover command message, at a 
second step (2) , Layer- 1 physical layer 48 of mobile 
station 18 sends a handover- command-message received 
indication to Layer-3 RRM 40 and Layer-2 data link layer 
44 of mobile station 18 such that Layer-3 RRM 40 suspends 
its ongoing non-handover signaling. Additionally, at 
this point, Layer-2 data link layer 44 updates its 
internal state as if it had received frames containing 
the handover command message. 

Simultaneously, at a third step (3) tunes to the 
handed to frequency or channel. Also at the third step 
(3) , where appropriate mobile station 18 uses its Layer-1 
physical layer 48 to begin transmitting physical layer 
bursts or packets to Layer-1 physical layer 50 of mobile 
network 3 0 such that mobile network 3 0 may calculate or 
otherwise determine the initial timing advance and the 
power control setting to be applied to mobile station 18. 
These physical layer bursts may also include other 
information or data relating to communications between 
mobile station 18 and mobile network 30, according to 
particular needs. Mobile network 3 0 receives the 

physical layer bursts and communicates this information 
to its internal Layer-3 RRM that uses them to calculate 
the initial timing advance and power control setting 
data . 

At a fourth step (4) , Layer-3 RRM 42 of mobile 
network 30 transmits a cease signal to mobile station 18, 
commanding mobile station 18 to stop transmission of the 
physical layer bursts it was sending. This message is 
received and recognized at Layer-1 physical layer 48 of 
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mobile station 18. Layer-1 physical layer 48 responds to 
the cease signal by ending or otherwise truncating the 



layer bursts are used by mobile network 3 0 in determining 
initial timing advance and power control setting data. 
In parallel to ceasing the transmission of physical layer 
bursts, mobile station 18 notifies Layer-3 RRM 40 that 
Layer-1 physical layer 48 has successfully tuned to the 
handed to frequency or channel and remains ready for an 
initiation for establishing a Layer-2 data link layer 
communication over the handed to frequency or channel. 

Mobile station 18, at a fifth step (5) then 
commences in establishing a Layer-2 data link layer with 
mobile network 30. The Layer-2 data link layer 

connection represents a new communications link, i.e. the 
communications link between mobile station 18 and the 
handed to cell or target cell, that facilitates a 
communication involving mobile station 18 and mobile 
network 30. Mobile station 18 indicates the intention to 
establish such a link via an interlayer signaling 
primitive, such as DL_EST_REQ, for example. Mobile 
station 18 then begins to communicate with mobile network 
30 at a Layer-2 data link layer via a physical layer 
connection between mobile station 18 and mobile network 
30. Once the link is established, Layer-2 data link 
layer 46 of mobile network 30 notifies its Layer-3 RRM 42 
of such a link, potentially via a similar interlayer 
signaling primitive, such as DL_EST_IND, for example. 

Once the data link layer is established successfully 
between mobile station 18 and mobile network 30, at a 
sixth step (6) , mobile station 18 then transmits another 
message indicating that the handover is complete to 



transmission of physical layer bursts. 



The physical 
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mobile network 3 0 such that Layer- 3 RRM 42 of mobile 
network 3 0 is apprised of the status of the handover, 
i.e. that the handover is complete. Where appropriate, 
both mobile station 18 and mobile network 30 may then cut 
through to a new potential voice or data path involving 
mobile station 18, thus allowing both communication ends 
to seamlessly resume conversation at a seventh step (7) . 

Alternatively, before the fifth step (5) , or in the 
case where the fifth step (5) fails to establish a data 
link over the handed to frequency or channel, at the 
sixth step (6) mobile station' 18 may instead resume the 
original data link over the original frequency or channel 
and continue the suspended signaling in the case where 
the reversion succeeds . 

Hence, according to the teachings of the present 
invention an improvement over current handover execution 
approach is provided that allows Layer- 1 physical layer 
4 8 of mobile station 18 to recognize handover commands, 
thereby eliminating the need to involve Layer-2 data link 
layer 44 and Layer-3 RRM layer 40 of mobile station 18 in 
multiple steps of the handover execution process in order 
to tune to the handed to frequency or channel . 

Such a handover protocol, as disclosed above, may be 
particularly beneficial (because of its minimization of 
handover execution) in a voice call environment, for 
example. The present invention contemplates that 

wireless communication system 10 may be extended to 
shorten any frequency or channel change time needed 
during a communication involving mobile station 18 where 
mobile station 18 is positioned within one cell or 
involving many different cells. Examples involving such 
potential frequency or channel changes include intra-cell 
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handover, direct retry, frequency reassignment, and 
tuning from a control channel to a first dedicated 
frequency, for example. 

According to the teachings of the present invention, 
this handover execution approach may operate to 
significantly reduce time associated with the handover 
execution by removing the interlayer signaling exchange 
between a physical layer, a data link layer, and an RRM 
layer associated with mobile network 3 0 and mobile 
station 18. The present invention may be used in a 
host of communication environments, such as in 
conjunction with time division multiple access (TDMA) , 
for example. In such an access scheme, users or multiple 
mobile stations 18 are multiplexed over the time domain, 
i.e. user Ul uses radio frequency Fl for time period Tl 
after which user U2 uses the same frequency Fl for time 
Tl and so on. The time axis is divided into equal length 
time slots. In TDMA, each user occupies a cyclically 
repeating time slot defining a channel; N time slots make 
up a frame. In using TDMA it is possible to allocate 
different numbers of time slots per frame to different 
end users. Thus bandwidth can be supplied on demand to 
different users depending on user needs. The Global 
System for Mobile (GSM) , and the IS-54/IS-136 based 
United States Digital Cellular (USDC) system are some of 
the standards that may use TDMA in conjunction with the 
present invention. The handover approach as discussed in 
FIGURES 1 and 2 may be implemented in a TDMA system in 
order to minimize handover execution time. 

Frequency division multiple access (FDMA) represents 
another communications environment in which wireless 
communication system 10 may be employed. The FDMA system 
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assigns individual frequency channels or bands to 
individual users wherein all users may transmit at the 
same time. These channels are assigned on demand to 
users requesting service. During the call no other user 
5 can share the same frequency band. An FDMA channel 
carries only one communications exchange, e.g. phone call 
at a time. After the assignment of a voice or data 
channel, mobile station 18 and base stations 16a-d 
transmit simultaneously and continuously. Mobile 
10 stations 16a-d that are used in conjunction with an FDMA 

□ system implement duplexers because both the transmitter 
"1; and receiver operate at the same time. The Advanced 

jJ Mobile Phone Service (AMPS) and the European Total Access 

i j=f 

j* Communication System (ETACS) are some of the standards 

15 that may use FDMA in conjunction with the handover 
~ approach of the present invention. 

Code Division Multiple Access (CDMA) represents 
another environment in which wireless communication 

i ;™ 

□ system 10 may be used in conjunction with the disclosed 

Li 

2 0 handover execution approach. All users in the CDMA 

system use the same carrier frequency and may transmit 
simultaneously. Each user has his own pseudo-random code 
word. Whenever mobile station 18 or base stations 16a-d 
using CDMA wish to transmit, the system may correlate the 
25 message signal with the code word. The receiver performs 
decorrelation on the received signal . For detection of 
the message signal, the receiver identifies the code word 
used by the transmitter. Because many users of the CDMA 
system share the same frequency, CDMA systems could 

3 0 benefit from the teachings of the present invention in 

shortening handover execution times. IS- 95 may use the 
CDMA scheme in conjunction with the present invention. 
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Although the present invention has been described in 
detail with reference to particular embodiments 
illustrated in FIGURES 1 and 2, it should be understood 
that various other changes, substitutions, and 
5 alterations may be made hereto without departing from the 
spirit and scope of the present invention. For example, 
although the present invention has been described as 
operating in a PSTN environment, the present invention 
may be used in any communications environment where a 
10 handoff or a handover is suitable. The handover 

Q execution protocol disclosed in the preceding figures is 

. ire 

/j; generally applicable to all communication systems in 

^ 2 which communication links are transferred from one unit 

n i 

aj* to the next . 

^ 15 . Additionally, although the present invention has 

& been described with reference to communications between 

m mobile station 18 and mobile network 30, the protocol 

*f described for executing an efficient handover scheme may 

□ be implemented between any two components within a 

Li, 

r ~ 2 0 network. The present invention has merely described 
mobile station 18 and mobile network 30, which is 
inclusive of these elements that facilitate handover . 
execution, for purposes of teaching the present invention 
and should not be construed to limit how or where this 

2 5 handover execution protocol is implemented. Moreover, 

the handover protocol, as disclosed above, may be 
implemented in any component, unit, hardware, software, 
object or element involved in the communications process. 

Moreover, although the present invention is 

3 0 described with reference to a handed to frequency, the 

present invention contemplate applicability to a handed 
to channel, as is the case in CDMA systems and 
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communications components. Thus, the term frequency is 
inclusive over channels or any other communications media 
where handover execution shortening is effected. 

Numerous other changes, substitutions, variations, 
alterations, and modifications may be suggested to one 
skilled in the art and it is intended that the present 
invention encompass all such changes, substitutions, 
variations, alterations, and modifications as falling 
within the spirit and scope of the appended claims. 
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